Abstract | Channa striatus is a carnivorous freshwater fish that is commonly consumed among Malaysians. The fish is known to contain compound(s) that can accelerate the wound healing process in humans, but the attributes of these compound(s) are yet to be clarified. In the current study, we have performed a thorough proteomic profiling of spray -dried and freeze-dried C. striatus water extracts using high-sensitivity liquid chromatography tandem mass spectrometry. Other than the analysis of whole sample, both samples were also fractionated in order to maximise protein detection. About 137 and 194 proteins were identified in spray dried and freeze dried samples, respectively. Actin, myosin, tropomyosin, calcium ion-related protein and collagen are among the proteins that have been identified, and which are suspected to be involved in the wound healing process. A high number of uncharacterised proteins were also detected, which suggested that there are still many fish proteins with unknown functions in C. striatus. In the future, the identified proteins can be isolated and further studies are required for a better understanding on the wound healing property of C. striatus.
INTRODUCTION
C hanna striatus, is a carnivorous freshwater fish that is commonly found in Malaysia and is commonly known by the locals as "Haruan" in the Malay language. It is the most widely introduced snakehead fish under the family of Channidae (Courtenay and Williams, 2004) . Other countries where we can encounter such species include the subtropical countries such as China, Taiwan, Thailand, Philippines, Indonesia and India (Mohsin and Ambak, 1983) . Although currently such snakehead fish is cultured commercially in Thailand, Philippines and India (Gam et al., 2006) , it was not given priority in the local farming industry as the locals believe it to be a pest ( Jais, 2007) .
C. striatus has long been a recommended part for the patients' diet that have just gone through surgery or delivery as the locals believe that it helps in the healing process ( Jais et al., 1994) . C. striatus flesh is thought to contain medicinal properties and its consumption helps in the recovery from serious illness (Wee, 1982) . Such theory has been supported by Jais et al. (1994) , who stated that C. striatus contains essential amino acids for wound healing. Jais et al. (1994) also showed a high amount of arachidonic acid in C. striatus. Arachidonic acid is the precursor of thromboxane and prostacyclin that is responsible for blood clotting (Nelson et al., 1997; Silver et al., 1973) . In previous studies, a C. striatus extract has been applied on wounded mice to determine the tensile strength of the healed wound Sheikh, 2000a, 2000b) . They reported that the high content of arachidonic acid, glycine and polyunsaturated fatty acid may have contributed to the wound healing process.
The pharmaceutical products of C. striatus that are currently available in the market are usually in capsule form. C. striatus capsules are prepared by either freeze-drying or spray-drying the whole fish including the water extract. The water extract of the fish actually resembles the traditional preparation of the fish for consumption which is the soup. Both the freeze-drying (Mellor, 1978) and spray-drying (Masters, 1979) methods have their own strengths and weaknesses, which can give impacts on the protein contents retained in the end products. Both of the methods have always been compared using different samples (Anwar and Kunz, 2011; Chen et al., 2012; Maa et al., 1999) in order to identify the better option for each sample respectively. However, until currently both the freeze-dried and spray-dried samples of C. striatus have never been compared. In this study, we have compared the proteomes detected for both samples.
NE US
With the advancement of technology, proteins available in the fish can be now be better profiled (Doherty et al., 2012; Martyniuk and Denslow, 2012) . Fish are rich in proteins that are essential and beneficial to human health. A better understanding of the interaction between the proteins in the C. striatus and the wound can be established through the profiling of those proteins. In addition, the proteins responsible for the wound healing effect can be isolated for medicinal and clinical purposes once identified. Despite having a preliminary protein profiling being conducted previously on the flesh of C. striatus (Gam et al., 2006) , there were still limitations on the profiling as the equipment used in the past were not as sensitive.
In this study, we have compared the protein concentration and performed proteome profiling for both freeze-dried and spray-dried water extracts from C. striatus. Other than analysing the whole sample, we have also analysed fractionated samples to complement the result. The aim was to profile as many proteins as possible and postulate those that might be involved in the wound healing property of C. striatus. Such findings would give us an insight on how the consumption of C. striatus could contribute to the wound healing mechanism.
MATERIALS AND METHODS

Protein extraction froM C. striatus SaMPleS
The C. striatus freeze-and spray-dried samples were provided by the School of Pharmaceutical Sciences, Universiti Sains Malaysia. The C. striatus originated from Kedah, Peninsular Malaysia. Protein extraction on both samples was performed in replicates according to the method reported by Gam et al. (2006) with minor adjustments. 15mg of freeze-dried and spray-dried C. striatus sample were added into 1 mL of 40 mMTris-HCl (pH 8.8) extraction buffer (Bio-Rad Laboratories, CA, USA) respectively and waited for 20 minutes with occasional vortex. Sample mixtures were then centrifuged at 12,000 x g for 30 minutes.
Supernatants were recovered and kept in -35°C for subsequent analysis.
total Protein Quantification uSing Bradford aSSay
Total protein quantification for the sample of C. striatus was carried out according to Bradford (1976) . 5µL of supernatant collected during the protein extraction was mixed with 250µL of Bradford reagent in a 96 well plate. The solution was then incubated for 15 minutes in room temperature. The absorbance was then measured at 595 nm. A standard curve was constructed using the bovine serum albumin (BSA). The standard curve plotted ranged from 0.0-1.4 mg/mL. The total protein concentration in each sample was determined by comparing the absorbance value obtained for the sample against the standard curve.
Protein fractionation uSing gelfree 8100 fractionation SySteM
The procedure was carried out on Gelfree 8100 fractionation system (Expedeon, CA, USA) according to the article by Witkowski and Harkins (2009) . 200 µg of protein samples were loaded to both 8% Tris-acetate cartridge and 10% Tris-acetate cartridge. Twelve fractions were collected during the procedure, respectively. In order to confirm that the separation was successful, 10 µl of each fraction was analysed using SDS-PAGE (12.5% gel) (Bio-Rad Laboratories, CA, USA) and stained with Coomassie blue. The remaining fractions were then concentrated using a concentrator to remove the sample buffer.
Protein digeStion uSing tryPSin
The protein samples were re-suspended in 100µL of 6 M urea, 100mMTris buffer at 10mg/mL. The digestion method was carried out according to Kinter and Sherman (2005) . Briefly, 200 mM DTT was added to each sample and kept in room temperature for 1 hour. Later, 200 mM of iodoacetamide was added and incubated in room temperature for 1 hour. 20 µL of 200 mM DTT was added next to consume any unreacted iodoacetamide. Concentration of urea in the sample was then reduced by adding 775µL of water. 20µg of trypsin (Promega, WI, USA) in solution is added to each sample and incubated overnight at 37 °C for digestion purpose. The digestion was stopped the next day by adjusting the pH of the buffer to pH <6.
lc-MS/MS analySiS
Prior to LC-MS/MS analysis, each of the peptide sample were mixed with 100ul of 0.1% formic acid in deionized water and filtered using the 0.45um regenerated cellulose (RC) membrane syringe filter (Sartorius AG, Goettingen, Germany). Analysis was performed using LTQ-Orbitrap Velos Pro mass spectrometer coupled with Easy-nLC II nano liquid chromatography system. Easy column C18 (10cm, 0.75mm i.d., 3µm; Thermo Scientific, San Jose, CA,
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January 2015 | Volume 3 | Issue 1 | Page 24 USA) was used as the analytical column, whereas Easy column C18 (2cm, 0.1mm i.d., 5µm; Thermo Scientific, San Jose, CA, USA) was used as the pre-column. The pre-column was equilibrated at a flow rate of 3µL/min for 15µL and analytical column was equilibrated at a flow rate of 0.3µL/min for 4µL. 5µL of samples were injected and chromatographically separated at a flow rate of 0.3µL/min. Running buffers used were: (A) 0.1% formic acid in deionized water, and (B) 0.1% formic acid in acetonitrile. Samples were eluted using the gradient 5% to 100% of buffer B in 80 minutes. The eluent was sprayed into the mass spectrometer at 2.1 kV (source voltage) and capillary temperature of 220˚C was used. Peptides were detected by full scan mass analysis from m/z 300-2,000 at resolving power of 60,000 (at m/z 400, FWHM; 1-s acquisition), with data-dependent MS/MS analyses (ITMS) triggered by the 8 most abundant ions from the parent mass list of predicted peptides, with rejection of singly or unassigned charge state. Collision induced dissociation (CID) was applied as the fragmentation technique with a collision energy of 35. Each sample was analysed twice.
Protein and PePtide identification By de novo SeQuencing
PEAKS Studio Version 7 (Bioinformatics Solution, Waterloo, Canada) was used to perform de novo sequencing and database matching. Uniprot fish database from October 2014 was used for the database matching. Carbamidomethylation and methionine oxidation were set as fixed modifications and maximum missed cleavage was set at 2. Parent mass and precursor mass tolerance were set at 0.1 Da. False detection rate (FDR) <0.1% and significant score (−10lgP) for protein >30 were used for protein acceptance. Maximum variable post-translational modification was set at 4.
RESULTS AND DISCUSSION
total Protein concentration
The total protein concentration varies for each C. striatus sample. The average result from four replicates is shown in Table 1 . As presented, the total protein concentration in the spray-dried sample is slightly lower than the freezedried sample. This might be due to the high temperature introduced during the spray-drying process, which has caused denaturation on certain proteins to be available in the sample. Joshi et al. (2011) has mentioned that different drying methods have different capabilities of denatur ing proteins by modifying the protein structures. Figure 1 , which is a SDS-PAGE image, showed the application of Gelfree fraction system able to separate proteins in the C. striatus samples. The fractionated proteins allow the mass spectrometry to detect low abundance proteins available in the samples. Many proteins are heat-sensitive and thus spray-drying has been less favourable in the pharmaceutical industry. During the spray-drying process, the denaturation temperature of protein is greatly affected by the water content in the sample (Maltesen and Van De Weert, 2008) . Proteins are most sensitive to thermal denaturation after atomisation. Such phenomenon gives an indication that proteins face a higher risk of denaturation in spray-drying method. It explains the reason for the lower protein concentration obtained in the spray-drying sample. Therefore, the pharmaceutical industry and research work prefer the freeze-drying method (Maltesen and Van De Weert, 2008) , whereas the food industry tends to select the spray-drying method.
coMPariSon of ProteoMe ProfileS oBtained froM freeze-and SPray-dried C. striatus water extractS
Protein identification by nano-LCMS/MS showed that 137 proteins and 194 proteins were identified in spraydried and freeze-dried samples respectively. The amount of proteins shown consists of the accumulation of whole sample as well as the fractions obtained from Gelfree fractionation. The number of proteins identified is higher compared to the previous proteomic analysis by Gam et al. (2006) , which only obtained 85 proteins, which suggested that the utilization of advanced Easy-nLC II nano liquid chromatography system enables more minor proteins to be detected. Such result was in line with the total protein concentration obtained, where the freeze dried sample is higher. A portion of proteins in the C. striatus sample that are heat-sensitive might have been denatured during the spray drying process. 97 of the proteins identified in the freeze-dried sample were similar to the proteins identified in the earlier spray-dried sample as shown in Figure 2 . The similar proteins were mainly consisted of structural proteins and uncharacterised proteins. 
role of ProteinS in wound Healing
In general, three different but overlapping phases can be identified in the wound healing process which is: (1) haemostasis and inflammation, (2) proliferation or granulation, and (3) maturation or remodelling (Flanagan, 2000; Singer and Clark, 1999; Witte and Barbul, 1997) . Different proteins are involved and very often they are integrated into a complex mechanism. Several proteins that were identified in the C. Striatus could give us an insight on how it enhances the wound healing mechanism. The list of proteins detected for both samples were listed in Table 2 and  Table 3 . Due to the limited entries in the protein database for C. striatus, a large amount of proteins detected from the database were from different species other than C. striatus.
This also showed the possibility that the proteins/peptides available in C. striatus share the same sequence with other fish species as well.
actin, MyoSin and troPoMyoSin
Actin, myosin and tropomyosin constitute 25% and 26% of the total protein detected in freeze-and spray-dried C. striatus water extracts, respectively (Figure 3 ). According to Dominguez and Holmes (2011) , actins are essential for cellular functions such as motility, the maintenance of cell shape and polarity, cell division and cytokinesis, vesicle and organelle movement, cell signalling as well as the establishment and maintenance of cell junctions, and regulation of transcription. It often takes place during the re-epitheliasation, where it is part of the proliferation phase. A report by Martin and Lewis (1992) mentioned that when embryonic wound occurred, the actin cable plays the role to close up the embryonic wound. The rapidly assembled actin purse string is responsible for the closure of the wound in the embryonic epidermis (Richardson et al., 2013) . Therefore, actin plays an important role in embryogenesis as well as in wound healing, where cell motility is crucial for the sealing of wound margins. Other structural proteins also play a role in the remodelling of the tissue structure at the wound area. Actin works together with myosin in the wound healing process. The biomechanical process driving cell motility and relation between actin and myosin has been clearly demonstrated by Giannone et al. (2007) . Conrad et al. (1993) published a report supporting that actin, myosin I and myosin II were involved in the wound healing process of fibroblasts. Myosin II can be regulated in order to accelerate the healing of large wounds and thus improving a wound in healing (Matsubayashi et al., 2011) . Tropomyosin is a multi-isoform family of actin-associating proteins that controls isoform-specific regulation of diverse actin filaments (Bach et al., 2009; Gunning et al., 2005) . A recent report by Lees et al. (2013) suggested that the tropomyosin may be important regulators of actin functioning during the wound healing process. In short, actin, myosin and tropomysosin are directly involved in the regulation and maintenance of wound recovery. Therefore, the high amount of myosin, actin and tropomyosin may give us the insight of the ability of accelerated wound healing properties promoted by the C. striatus application.
calciuM ion-related Protein
Another interesting finding obtained was related to the calcium ion-related protein detected in the samples. Ca 2+ is known to play a role in directing cell polarity and guiding highly polarized processes like tip growth (Messerli and Robinson, 2007) , neurite extension (Zheng and Poo, 2007) , and cell migration (Maroto and Hamill, 2007) . A research finding published by Graham et al. (2013) revealed that calcium signalling plays a role in inducing the cellular organization and also the migration of skin cells. The introduction of calcium ion would trigger the local fusion of internal membranes, creating a patch vesicle that staunches the wound (McNeil and Kirchhausen, 2005) . However, Kono et al. (2012) has highlighted that the calcium ion entry has to be well-regulated because it is lethal in large amounts, but is required at moderate levels to induce the wound healing process. Such observation emphasized that calcium ion-related protein plays a significant role in regulating and initiating the process of wound healing once the wound is inflicted. However, the calcium transporting enzyme is only detected in spray-dried sample (Table 3) but not in the freeze-dried sample. The reason of such phenomenon is not clear and requires more extensive study. Collagen is a natural substrate for cellular attachment, growth and differentiation, and promotes cellular proliferation and differentiation. As described by Sonnemann and Bement (2011), a large amount of collagen and other extracellular matrix (ECM) proteins are secreted by the fibroblasts and myofibroblasts into the wound area, resulting in the basis of the so-called granulation tissue. Then the myofibroblasts contract the granulation tissue and the cells associated with it, closing the wound slowly and at the same time aligning the collagen fibres that composed the ECM. Many publications have shown the effect of collagen involved in the wound healing process (Kwan et al., 2011; Ruszczak, 2003) . A recent study has shown that the use of concentrated collagen hydrogel favoured cell proliferation and also protected fibroblasts against apoptosis during the treatment of a chronic skin wound (Helary et al., 2012) . Thus, collagen detected in the C. striatus sample may be another key component that assists in the wound healing process.
uncHaracteriSed Protein
Uncharacterised proteins consisted of more than 50% of the total proteins detected. The functions of such proteins are still unknown as the information is unavailable. However, with the high coverage detected using the PEAKS studio database matching, we are certain that the proteins exist in the sample. The uncharacterised proteins are designated as proteins of unknown functions due to no detectable homology to proteins of known functions at both the sequence and structure level (Lubec et al., 2005) . Nadzirin and Firdaus-Raih (2012) has mentioned that the functions of uncharacterised proteins have not been characterised from assays following the structural analyses. The lack of information on a protein's characterised function restricts the further exploitation of these proteins. Nevertheless, there is still a possibility that one or more of the uncharacterised proteins detected in our samples are relevant to the wound healing property of C. striatus.
Overall, the proteome profiling using the high sensitivity LTQ-Orbitrap Velos Pro mass spectrometer has allowed us to explore the protein content in the C. striatus water extracts. It is evident that the extracts, which resemble local delicacy haruan soup, contain a considerable amount and variety of proteins. The high amount of uncharacterised proteins detected also show that the proteome database for C. striatus is not yet complete and requires more extensive work on the matter. Freeze-dry technique was shown to retain slightly higher amounts and variety of proteins in the water extracts than the spray-dry technique. Other parts of C. striatus, such the mucus layer and flesh, are currently being similarly studied. Overall, the current data has given us the insight on the proteins available in the C. striatus and a more detailed work has to be conducted to determine the proteins that are involved in accelerating the wound healing process.
